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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a GRIN fiber 
lens by which the Rayleigh range of an emitted beam 
is increased. 

SOLUTION: This GRIN fiber lens is equipped with a 
silica glass core whose refractive index has a profile 
in a radial direction. In the profile, average strength in 
the core has a second derivative in the radial 
direction smaller than about 1.7x10-6 micron-2 times 
of the value of the refractive index of a GRIN fiber 
lens shaft. 
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tlf5fe(DGR I N77^^ • ^^^(D^Wi^^f Z a 

[0 0 2 9] ^<^fr<D3Jy*<D^9km<n^y3-lslfn. 

^^-7"\i, K-X$ixfc->y7J -UyKvyuy 
K^Xy 7*-A^»LT-t©«l[«Sri»7-r5fc«)l^ 
#t-ffit*t>tmZM (77^710 8) „ 

[0 0 3 0] Xy7*-ASrftSPLfc», 

^ x xy 7t-Ao»b^7 7 K ■ f a-7*©li« 
40 (77-^71 1 0) „ K • ^^.-Xw^^Sit) 

^< r £14, ^7-7 K^/>/j;t^$fc{4JiV^7y7^ • 7 7 
>f'<©-£©&©H5l£fcprfifc-t-<5. C»Jx.tf, 0 3 AIC 
fclt5XD77^^2 7 > *J«tt/S3 B|ci3(-t5XD7 
r-T^2 9Sr#Bg$tifcV\ rixf>©^7 > K©»^4 

7il4^7y K©«M/^77^^tt, GR 1 N77^/< • V 

>X|^f4WfiJT*fo5 0 /jr-tf/ib, ^<7>J; 5ft7r^f/< 
14, M(OGRlN7r^^»rffii©J: 
9J£v^B^tofcoTlfc*:rawfc*Fmici-5. 4D 
Jt£^»riBai-t>fc6K'-AS:ja:*i-5wfc{4, TO1"-5 
50 ^P^^ffiML, ^o^»7-S-gSr{6^L, U^X©^ 
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[0 0 3 1] GR I N77^^ • \s>X<Dffl£t± % 

tc-^tf (7f^l 12). tfiMWi, m$\Z£ivtzGR 

Ury7l 14). GR I NJJiU!P7r^^i 
#i-Sfc»l^ 2 o©7r W'<©SS&asf±» r^=^#ffl 
^*Jt7£®flT-*;£f::f4*V;/*x> • 7j7*> 

[0 0 3 2] ft&IC, GR I N7r>f^l±, $tM©;6£ 

7^71 1 6) . fcteftlCJ&DttttkflfcGR I N7 7 
-|V<-I^X(4, 1/4, 1/2, S=fcttffig:©ffll©M 

[0 0 3 3] 1^7 7^^ • *<Dmfrb7T4 

r i N7 t 4 '«Dmzmmx'itfo^&\K%i^x utL 

lltT^5 0 GR I N-Cllft^ft^T-^l-^T, 7 
7^'<©i&le:#LTgiS^frK#LT8 0 ©£gT*, 7 

GRIN77^^-l-yX|c|Ult r© 

75^8° 4>J/h£<^M£tL3r ^-e#, 0)Rf4, 
*LV^#$Wg(4, i&0. 5-2° XhZ> B 
[0 0 3 4] 7J&1 0 0{4, $&©GR IN?7^' 

I'XX, #lxJ4IDi (Di^vXi 149, {Suites 
0©JBJf^!7 — Sr^r-f5» GR I N7 7 ^/< • U-^X, 

4GRIN7r^<- U>Xf4, H*0**^!7-Sr3& 
1-5S£5tE<DGR I N77^- U>X«fc t>*L< 
4 9^1^X14, <k»)&Ote4-=a!J>-hU 

K-/OHII|^tt5fiJ^^GR IN77^f^' \s 
>X(4, j&2, 3, £fcl44~2 OmmO^fttyf 

[0035] H]2©GR I N:7 7f^ ' UVXl 8(4, 
S3K#{^t,ixT^5, m*g«l*fp]itS[ (Vapor 
Axial Deposition, VAD) , £S7j^\, 
(Outer Vapor Depositio 
n, OVD) , &&.WA>->fAs • 7otXT'#5: t 
^©i 9&Xni?;*.|4, M©GRIN7 7 

[00 3 6] 2. GRIN77-<^^7XMt5 
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7 7^^-7/M^ 

N^T-r^-i^^x, 0«jx.tfiaio^>xi i, 

lfi/£GRIN77^^-^X, #ix.(4|3 2©l/>X 

[0 0 3 7] 16AI1, *45S**-K*fcttJ:DS5 
1/^86*— KSr^T-fS, -M©*77^^3 6, 38£ 
K • 3 4 0 ^^t„ ^<o;S>c7)!! 

10 ffi&m\Z)S^X^ 3t7T4'<3 6, 38{4, g&5g© 

^-*4 Ofiio^T, GRIN77^^-!^>X4 3 
f4, *77^3 6 4 3 8©iS8lB^l&D#rte>Jx5 0 
TFftj&'E— K • ^ 4 0 ICfcl^-C, GRIN77 

x< • 1/VX4 3 14, ^77^^3 6, 3 8fcEg8g3& 
£ft6/5\ £fc(4^©i?;W\ 77-i , -'<3 6 > 38©3 

77-f^'3 6, 3 8|:^^5 0 
20 [0 0 3 8] %7t4'<3 6, 3 8(4, g&5^7@, 

*3«ta ? /*fci4TO$v J ^y^^ri-^(D-e, 77^/^ 

3 6, 3 8(4, M&5lNrX£;rr-5, £»=E— K, 0*1 

KS:*-t-5. rrT\ Gift*— 
{4, **3M£«©2|^©*- K©££fc«fc LT^gsi* 

ti5„ eas^- K©M^^f--rx(Dfcfe, ^77^^3 

6, 3 8SrESSie^1-5r i (4, ft^A^-Wffiafc 
-rftfrhx77jxm$: (splice I 
o s s) £f£<9aj-f 0 

[0 0 3 9] ^m^mm-ritzU)^ GRI 

30 N7tJs< ' W>X4 3(4, %7 7 ^y<3 6, 38Pe^(C 

5*#*S«r^Ti-Sfc«)lw, #7 7^3 6 ©4 

^J^f^ffi-ffcfeK, GR]N77^^-^X4 3 

5. SJi#J4, -^©7 7-f^3 6©e«*-Kt'fX 

■te7j©^r-r^^3 8©e^- Kf-^xtc^m-r'S 

fcfcfcjfi^ftaUtitcS^T* GR I N7t4'< ■ U 
VX4 3©J^Sri\WcjBft^Sj&vfcfcoTV*a-C*>6 
40 5. 

[0040] ^©^MSUvl&^T, *- K • a >v<- 
*3 4(4, Jt77>T /<«^©WftlS«r*7T -f><3 8K 

[004 1] E3 6 B (4, m6A©^- K • 3 

4 (Dftfevnmm 3 4 * £^1-. k • ^ ^^^-^ 

3 4' tCfcV>T, GR I N7r-i'< • ^^'X4 3' (4, 
-1©GR I N77^f^ • WVXif 4 3A, 4 3BT' 
^e>*Lfc«-&U>X-Cft>5 0 mi©*^4 3At4, *7 

50 (4, *77'f/<3 8<oj&m^&mmztiz 0 m^&jk 
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GR I N*^-4 3A*3<tt/4 3BI1 ^MtSSTSiv ^ 
/<£5®5ff/D77'f^J;0 t S^ft ■£„ 2 0©U 
yX|f4 3A, 4 3 B^^fci^gjf^yn^r^ 
/HI, 77^^3 6, 3 8*£<9&mz]t¥mz'i£&Z 

il(OGRINif4 3A(l, 7r^/<3 6liJ;oTft 
m£*x67fctf-A£&3gU Sg2©§it^4 3Bf4, 77 
3 8ft<nfc&*~ K©-y--fX[r*hi-5 r-A • ^ 

[0 0 4 2] 137 Ali, lX2W^D)fe;^4 6^ 
^i" 0 /I—* 4 614, A7J3fc7 7^4 8 <t, ffi^^t7 

7^^5 0, 52<b, 91^77^^50, 52©jl4R£ 
ttfclolCA7J7 7''1'^4 8/^ib©3t£|plt75fctf>©sr 
»J&tt§g 5 4 t tf e ^77^^4 8, 5 0, 5 2© 
l**Btt, GRIN77^^ - UyX4 9, 4 9' , 4 

9" , Mz.Hm--<DGR I N77^^ • l^Xfcj&ffS 
*T,5 0 GR I N77^^- UyX4 9 (4, 77^^4 8 

ifc-f 5M£*T9„ GR I N^r-T^< • UVX4 9' , 

4 9" f4, I«lt5 ( *5J:WB'&*ilfc*7T'f/< 

5 0, 5 2\z&mtsixtzitz%i&-r?>mmzft0o m*> 

*7 7 -f^50, 5 2(4, AM77>f/<4 8£J;oT 
Jfctti£ftfc If- A M\ A*3t77^^4 8t 

tH733t77>r^5 0, 5 2 t©R|©3tSKO^IB-C*>S 
•tStCffifiSftS. Stt§£5 4©K#tMl4, ffl77)t7 

r-T^5 o iCTtSrStt-TS J; 5(cl2g£*ifc£:#, litf 
w y-tfil8rt©tr-A- ^x^ncEg^ii^ 

[0 0 4 3] /U-x^^^^m-rSfcfel^, BLM$s5 
4f4, Jt77^/<4 SICio-CSctU^tlfc^fc'-AOS 

*fctt»fc#ft-C»a»£ix5. &St2g5 4f4, 

* (MEM, micro-electr 

o -mechanical) gg5 6 |!lR]JDSnfc«Sl 

[0044] GRIN77^^- U>X4 9, 4 9' , 
4 9"lt 6 0, 6 2i\ /U-r^^Wt 

6 4<&Rj**5 4©Jf A*5«ttJ«BS^S:prt6^i-5fcftk: 

-A • ^y^-i/3^ioJ;U!J|K^2fe#i-6o 0 2, 3 
A~3B, 4A©SI/iGRIN7 7^^-l/>Xl8 
l££-5</u-*4 6 ©HWffilK&^-C, J:!3jy?ftk* 
— A • =jy^-v/ 3 >|4, )^3g5 8, 6 0, 6 2R|0>E 
9 mm t Ib] C A£ £ lift -5 r k £W£Ml--tSo r 
ixfero^ct/jr^T'f^raKBHciBLT^ GRlN77-f 
✓< • U>X4 9, 4 9' , 4 9" {4, ^0. 5 
(dB) 4>9/h£<, fciW*L<«**j0. 2dB~ 
0. 0 5 d B J: 9 /hS < 4 *ife^S*S:f St5. 
Lfr£><b, i"3^#v>7 7-f^^tt, XV MM? 

[0045] i^^frcnnmmm^toi^x, 
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>\s— ^4 611 GR I N77^^' 1/>X4 9, 4 

9' , 4 9- a*, »ftLfcja»f«ffiiSr^-rss6*©u^ 

^Pf-S^Xte, GR I N77^f/< • W>X4 9, 4 
9' , 4 9" i«J*ft*SSrW1-5. i'JAt&l^X 
Mf4, -/l— ^4 6i^^(7) ( t9^-^i-*5 

ttS.fcD*£ft#l3!iT\ A7J*3iO { m^7 7^^©^ 

10 X{4|b11£K, -j&lc, •A'-^M 6©ig*$Jx 

fcGR i N77^^- u>X4 giDA^ft^©^-^ 

-f > ^S«^j3»t 5 = y * - h 3 ftfc tr- A £ffi 9 ffl 
1\ <k«JA£ftf— Agli, v/f^c./^4 6©R 
ftS5 6{^ST?&5J:.?> A£ft, i^X^ffttfc® 
#rOT£^1-5/i--*©/u-x^ >^RftSS©E*fM 

[0046]-7^^n. jU-? 4 6 ©*>5HJfeJBffifc:J3 
I^T, GR I NI/VX4 9, 4 9' , 4 9" P^#&£©# 
ttSgftftSte, Wy-il©|S]l~3f|CMLt77^ 
20 /^©m~3{g©^ffl©fii, «x.tfjftlmmJ:9/h§ 

ftfcGR IN77-1'^' U^X4 9, 4 9' . 4 9" © 
SJ&S/h£Vrfc»e>, 1^X4 9, 4 9' , 4 9" ffiOM 
6 4©^*V^XiS-fl^ttart*ii, SttS5 4© 

17 (beam acceptance window) 

57^t7"^y^ • ^-T^K^fi, GRIN77^^*- 
1^>X4 9^ 77^f^4 8 ©114 D /h£l*tf — A • |7 
30 h£f^ffi-r©T\ 7 7^^i<t *?/J^V^tdST 

§5. /hS4S©GR I N7 7 ^/< • uyX4 9, 4 
9' , 4 9" *5<t^W^5 4©^/htt©^^, /U- 
* 4 6 frfttt LfclB»faiB«r*+5 WX*&M'tZA> 

[004 7] ®7Bli, H7AIC^$ttS^— ^ 4 6© 
ft*>t)©Hi£M4 6' ?r^-f 0 ^-^4 6' (C*5V^ 
T, 77^/^4 8, 5 0, 5 2{i^L, fr^V-T- 
T W 6 8[CiBg^tl5o ¥-©IiI(E«rtl*Rit«5 
6' , «|X-liMEMS*J»$nfcSft*tt. 77-f/M 
40 8^P)©)t^, 77^f^5 0*/cfi7 7-l'''^5 2©<ift> 

IdfctvC, 77^^5 0S$£U5 2©$SH, fc%%5 
6' frb<DytfryT4'<5 0, 5 2©#ir #H45: 
tSrftHl^i-Sfcftlc, 7 7 ^^4 8©*6(r>FtLT^-f 

[004 8] 77-f^48> 5 0, 5 2&7U-T68lr 

m$.-f-z>z. tit, ju—?4 6' corner 6 8 comw 

lCJ5ff«f L<i"S. GRIN7 7 ^/<^>X49 1 4 
9' , 4 9" ©/hSfc&fcitfftftfcay*— >a> 
50 14, 77^/<4 8, 5 0, 5 2 LT7 U-f 6 8 \Z 
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N7r-f^- U>X4 9, 4 9' , 49" 

[0 0 4 9] 8 7CH:, 
W7r^^I!-l^< 3M7 7 'f^4 8, 5 0, 

5 2^t5^f/M^4 6" <Dmmmm^i-o 

3fc77^4 8, 5 0. 5 2I1 J&ijftltkft, = 
9 * — f- L^oflRfti-^GR I N7r^/< • l^yX4 10 
9, 49' , 49° &W-f5o SI4 6" 11, ^7/^ 
/<4 8, 5 0, 5 2KI-*iS:, 'Mx.«<B**fc»«ESt 

MK&I^T, 3t^x/<^^5 4' 14, {B^tf-AXT 8 
^5/^, »^ ifctt^y^ (B 

r a g g) te^*^©jfcSSftSl«&&-&tf. 
[0 0 5 0] 0 814, A^*77'f^7 2 1 N*©ffl^3 
*77^^74, ~74n ©ffi7JT U-f 7 3, JoJUTR 
J**7 6£^frl XNv^^p)t;U-^ 7 0 „ 3fc 

77^^7 2, 74, ~74 N (i, «GRIN77^ 20 

• ^^X7 7o ~7 7n *mm&ntzi/>yji< • 

K • 774'<XhZ> 0 Af>%:77<< '<7 2frh<D%\?~ 
A78J4, f-A7 8©^x^f, 

B© i / 2 ft£ < -esJts 7 6 t ^ H-f 5 0 

[0 0 5 1] 0!|*«J*R»«7 614, iftt^fc^E^-r 
^Sr^tf. /!> — ^ (4, »fi»a#lfc^yM7 

[00 52] GRIN7r^'^X77» -77n 30 
(4, A*3t7 7^f/< 7 2 - A 7 8 ^ L^o^ 

y^-NU 3tt-A7 8^«77^/<7 4 1 ~7 
4 N tmR-fio G R I N77^^ • 1/^X7 7o ~7 
7 N (Dfctf), 3t7r-T/^74i ~74n ©ttJ^T W 7 
3*5j;VA**7r-f^7 2(4, *bV^-&ia^/£Lid 

0. 5dB~0. 2 dB4«5/h^<, #£L<f4|$0. 
ldBiN^. 40 

[0 0 5 3] -v-f^n^/U-^ 7 OldfeV^T, GR I N 
7 7 ^f^ • 1">X7 7o {4, 77^^7 2^P><Of-A 
£, R#J3l7 6CDK&T>-i?7°*^* • ■M^Kfrte* 
m-T5„ :£ftDte:#LTM;frfa<DT^i?7 0 *V;* • -7 
-f^K 77^Agi^J^l\ GR 

I N77-f^ • W>X7 7o ~7 7n ©&ffl{4, 7 7 >f 

^7 4, ~7 4n (D&teZyrJ '<lzfaftx&.ki£ti5 
Ttt'-A^CDWiLIC, 7H7 3|d*5ltS*t^$iX 

GRIN77^/<^>X7 7„ K^7 6 50 
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©7^t7'^y^ • $Jyh*V}5£Xfi±fcy-'( X£, e 

• iM^ K?:JoJ;tf£tt1H'Xi;9>J^^ 
r fc&«Tfgjc-r5. LfctfoT, GRIN77>f^-l/ 
^X7 7o ~7 7n ©&ffif4, ■ /u-* 7 0 Id 

fcl>T, ^S$tifcH^ffi^*-r-5^^XfcSo*< 7 

[0 0 5 4] ^HJgf^{4, i2©GR I N7r^f^ 

5o Mx.l4\ 2X1^-^(1 17A©1X2W^D 
•^-^4 61:^577^^4 8, 5 0, 5 2KBt 

[0 0 5 5] 09tt, NXM30- ^ 8 0<7)±®iaT*fc 
5„ /U-^9 014, N*©AA*77^^8 2, ~8 2 
n <7)T W 8 l , ioXUM^<DitiM-7 7^y<8 4 , ~ 
8 4 M ©7K8 3£-££j> 0 77^^*8 2, ~82 N , 
8 4, ~8 4m !4, *tlb<DmitS&\m*ZiMtGRl 
N77-f^- H"X8 5. ~85n , 86, ~86m £ 
Wt"-5o G R I N7 7 4 * • l^^X 8 5, — 8 5 N , 8 
6 , ~8 6 m {4, 07AOGRI N7r-Y/< • ^>-X4 
9, 4 9' , 4 9" IC^LTHU^^tLfcGR I N77-C 

MZ&m-fZ, A^7 7 ^^8 2, ~8 2n i:ffi737r 
^8 4, ~8 4 M ioffill, @S$tlfc*34U:/W-7 
-Y^^SWI§8 8 F1 ~88fn ,89r, ~89rn 
©^8 7,, 8 7 H T**>5 0 «^W4R»«8 9 
., ~8 9 RN tt, «ft««R«t«, ffllitWWhf-. 45J: 

8 8 R , ~8 8rn II A*77-f^8 2, ~8 2k © 
mm^TJ'^hoyyt*, ^77^^84, ~8 4 

M ©3i^$n/c7T-r^i^v--7^>^-r5o s*tss 

8r, ~8 8rn (4, MEM©|gB8 9 , ~8 9n K£ 
oXSbf^^^, t©Sii, 7K 8 l<D774'<mom 

mi FS iD/hSv^e-Aotftwr^t^y^ 

[0 0 5 6] S^f^tt^tL/cGR IN77^^ - I^^X 
85, ~85 N , 86, ~86 M r. tJd.to 

T, 7W8 1, 8 3m577-f^-^7^r^f 

fr x 09©GRIN77-r^ - UyX8 5 , ~8 5 N , 
8 6, ~8 6m ^itM5NXM77^^ • A^-#<D 

■7 7 ^y< • '<v*>-y$5m£*)n±i-zztfrX'Z5 B 

mmiz. 8 0ld*5tt5Slt^8 8p, ~8 

8p N , 89r, ~89r N (DfrMmm-v-j xn. m& 

IN77^^- Ix^X8 5, ~8 5n iCX^Xftbtltz 
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[0 0 5 71 01014, ft7r^'<92, 94©3gftS9 

^^9 0 Sr^-f. 09^to&-v>f * vKPFf** * 9 0 
(4. RfiiSttT Kd y / ffijfr?\ 

**«»»**tf. *7T-f/< 9 2, 94 1, 
9 314, GRIN7 7 ^^-l/yX9 6, 9 8|C^$ 10 
ixS. GR I N77^f^ • U-VX9 614, )fe77^/<9 
2l^4oT^t±i$Hfc:?fc^^yy-hi-5o GRIN7 
7f/<- 1/>X9 8I4, Sm$tLfc3tSr*7r-f^9 4 
^*Pft¥x^*9 0f4, GRIN7 
7^/<-i/yX9 6, 9 8lcg|g-f-5 WIJ-*&gB<fc!5 

fcWC GRIN7 7 ^^ - 1^^X9 6, 9 8 {4, fl¥*f 

[oo58] ^m<Dm.<r>mmmmti. xm^mmm.. 
mm. *JitfBi*jfi3&»e»sji#tci4we>*»T?*)6 5. 20 

[0®©ffim#fWn 

[01] 2o©3t7 7>r^S:JgSflJ^-r5fc*^ft3l5© 
gr 1 N77^f^ • L-^X&ffl^?), 77^/^ • ?'<<< 

[132] ft^r-f^GR I N77^^ • 
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[03 A] f*©GR I N77^f/< • ^^^tSiXf^M 
f£GR I N77^^ • l^>-X{C*JV>-C, Vfls-*r=-f?J» • 

[0 3 B] 0 3ACDGR IN77^- l^XfcR-^S 
m Iff 7° D 7 T W Sr^-fo 

[04 A] frSfrGR I N7 7 ^<- l/VXtlTt57 

-r. 

[04 B] &%<DGR I N^T-T^ • U>X^tt57 

-To 

[0 5] 0 2©7r>f^-x/W^SrS?ig1-5*-fel-ll 

[0 6 A] *-K- 3y/N*-^©if|tfe5 o 

[06 B] ^GR I N77^- ^>X^ffl-T5^ 

[0 7 A] lX2^^D)tf;^0iI@ffe5 o 

[0 7B] ix2-?4?uft¥*-?\zm-rzm<D%m 

[0 7 C] 30(Djt77^<l:*f^l:^f5li<D 
±®0T'fc3 o 
[08] lXNv^^o)tf;U-y<Difit'fc5o 
[09] NXMv^^n^-^WlIit'feS, 

[0i 0] 'fy^ v%^/^7.^-t^%y 7 4^ 
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